Summarv metabolic defect in CF, Buehler et al. (5) measured activities of
Diamine oxidase is the initial enzyme involved in the degradation of polyamines, whose metabolism has been reported as abnormal in cystic fibrosis (CF). Diamine oxidase activity, using putrescine as substrate, was measured in homogenates of human fibroblasts cultured in vitro from normal and cystic fibrosis patients. The pH optimum of the crude enzyme was 7.8. Diamine oxidase activity per ' 18 protein peaked during periods of greatest proliferative rate and reached its nadir when fibroblasts grew in static (confluent) ~h a s e .
No difference was found between normal and C F fibroblasts in specific activity of diamine oxidase, but C F cells exhibited a slightly lower protein content during logarithmic growth when compared with normal cells.
Speculation
Aberrations in the levels of polyamines in blood, despite normal levels of polyamine biosynthetic enzymes in fibroblasts, have been reported in C F patients. No differences were found between normal and C F fibroblasts in the levels of the polyamine catabolic enzyme, diamine oxidase, suggesting that an-abnormality of the oxidative deamination of polyamines, as expressed in the fibroblast, is not the primary defect in CF. The altered blood levels of polyamines may be a secondary phenomenon found only in vivo, or may be due to an aberration of polyamine acetylation or conjugation. The establishment of normal values of diamine oxidase for different phases of growth of human fibroblasts may in the future allow comparison with fibroblasts in which a defect in polyamine catabolism is suspected.
In vitro studies in bacteria and higher forms of life have shown that diamine oxidase (E C 1.4.3.6.), with nonspecific activity against polyamines, diamines, and histamine, can degrade the aliphatic polyamines putrescine, spermidine, and spermine to their respective aminoaldehydes (2, 8, 21). The in vivo significance of this enzyme in human polyamine degradation remains unknown, especially because specific polyamine oxidases, with their own pH optima, substrate specificities, and physical characteristics, may exist. Such individual polyamine oxidases may degrade each polyamine separately, or a single, nonspecific diamine oxidase may oxidatively deaminate all three polyamines (24) . The current, most widely used assay for this general diamine oxidase employs 14 C-putrescine as substrate (17). The authors know of no reports of this enzymatic activity in human tissue cultures, although diamine oxidase activity using putrescine as substrate has been found in human seminal fluid (14), pregnancy plasma (3), amniotic fluid (22), and tumor tissue (4).
Several investigators have reported abnormal levels or ratios of \ , the two principle enzymes involved in the synthesis of polyamines, ornithine decarboxylase and S-adenosyl methionine decarboxylase, in skin fibroblasts from normal and CF patients. No significant differences were found, and defects in the degradation of polyamines were not sought. In this investigation, the authors examine whether human fibroblasts in culture actively degrade putrescine, how this enzymatic activity varies with rate of growth, and whether diamine oxidase activity in CF fibroblasts differs from that of normal cells.
MATERIALS AND METHODS

FIBROBLAST CULTURES
Diploid fibroblast strains, obtained from skin biopsies of six normal patients and six patients with C F were matched for cell growth rate. All cell strains studied were in less than the seventh passage. The cells were grown in F-12 medium with 15% fetal calf serum (GIBCO, Grand Island, NY) and cultured by routine procedures presented elsewhere (18). On three occasions, two different normal and two CF cell strains were plated at 8 X lo3 cells/ml, 5 ml per P-60 Petri dish (Falcon Plastics, Oxnard, CA). Three days later, designated day 1, 15 dishes of each cell strain were washed four times with pH 7.4 phosphate-buffered saline, scraped into a test tube, spun, and resuspended in 2 ml of 1/15 M potassium phosphate buffer, pH 7.8. The cells were lysed using a Polytron homogenizer for 25 sec. Homogenate containing approximately 100-200 pg protein was assayed for diamine oxidase activity on the day of harvesting, and the remainder was frozen at -20°C. No decrease in diamine oxidase activity was noted after freezing for at least 1 wk.
On day 2, 10 P-60 dishes were harvested, and on the next 3 days, 5, 4, and 3 dishes, respectively. On day 8, two P-60 dishes were harvested and treated as above. The cells remaining on each day were fed fresh media on days 1-5. On each day of harvesting, two dishes of each cell strain were trypsinized and an aliquot was counted using a Model B Coulter Counter. The cells usually approached confluency between days 4 5 . PROTEIN 
DETERMINATION
On each day of harvesting, two dishes of each cell strain were assayed for protein using the method of Lowry et al. (16) . Reagents were placed directly into each dish, releasing and lysing the cells, and aliquots were removed for the remainder of the assay procedure. In addition, aliquots of each cell strain's frozen homogenate were assayed for protein so that DNA and diamine oxidase activity could be presented per pg of measured protein.
polyamines in thcblood of indiGiduals with CF (7, 19). Arvanitakis DNA DETERMINATION et al. ( 1 ) found that spermidine mimicked a factor in CF plasma by inhibiting methyl-D-glucose uptake by rat jejunal epithelium.
When enough cell extract was available, DNA was assayed on In an attempt to discover how these findings might relate to a each day's frozen homogenate by the method of Burton (6).
DIAMINE OXIDASE ASSAY
Diamine oxidase was assayed by a modification of the scintillation counting method of Okuyama and Kobayashi (17). In the standard reaction mixture, 6.2 nanomoles (0.15 pCi) of I4C-putrescine (New England Nuclear Corp., Boston, MA) were incubated at 37°C for 5 hr with enzyme (cell homogenate) and 1/15 M potassium phosphate buffer, pH 7.8, in a total volume of 2.0 . .
m1.-he product was extracted with toluene, counted, and dpms converted to nanomoles of product formed, as previously described (1 1). One unit of diamine oxidase activity is defined as that amount of enzyme which converts 1 picomole of putrescine to product per hr under the conditions described. Assays were performed in triplicate.
DETERMINATION OF DOUBLING TIMES
The logs of cell number and protein content were plotted against day in culture, and straight lines using the least squares method were determined for the points representing days 1 4 . Doubling times were derived from the slopes of those straight lines.
RESULTS
Using 6.2 nanomoles of '4C-putrescine substrate and a 4-hr incubation time, diamine oxidase activity was found to be a linear function of cell homogenate volume at least through 500 pg of protein. Using a volume of cell homogenate containing 50 pg of protein, diamine oxidase activity increased linearly with time through 24 hr (data not shown). This information assured us that a 5-hr assay of cell homogenates containing 100-200 pg of protein would give diamine oxidase activities which varied linearly with the amount of enzyme present. Figure I shows that pH 7.8 is the optimal pH for diamine oxidase activity from crude homogenate of human fibroblasts. Because the fetal calf serum used to feed the cells contains a diamine oxidase activity against putrescine with a pH optimum of 8.0 (12), it was necessary to show that the cellular enzyme, and not the fetal calf serum enzyme bound to the cells, was actually being assayed. Therefore, fibroblasts grown in adult bovine serum, loo l Fig. 1 . Diamine oxidase activity of a human fibroblast strain at different pH values. Cells were grown to subconfluency in a roller bottle, washed, harvested, and homogenized. Homogenate volumes containing 75 pg of protein were incubated at 37°C in 1/15 M potassium phosphate buffer of various pH values for 2 hr. The remainder of the assay procedure followed that described in the text. Blanks contained no cell homogenate. Results are means of triplicate determinations, with SD averaging less than 7% of the means. whose diamine oxidase activity against putrescine has an optimal pH of 9.8 (12), were harvested and assayed for diamine oxidase activity. The pH optimum of the enzyme from the cell homogenate grown in adult bovine serum was approximately 8.0 (data not shown), indicating that the cellular and not the serum diamine oxidcse was being assayed. Figure 2 shows the ratio of protein to DNA plotted against day of harvesting. Day 1 is the 3rd day after plating, and the cells reached confluency approximately day 5. Considering data on logarithmically growing cells, CF fibroblasts had less protein per pg of DNA than normal fibroblasts, though the difference was not significant at P = 0.05. This difference between C F and normal cells' protein content did not hold for confluent cells (day 8), whose protein/DNA ratio is much greater than that of logarithmically growing cells. Table 1 gives the generation times in hr for protein content and cell count of six normal and six CF fibroblast strains from day 1-5 (logarithmic growth) in culture. No significant difference was observed between CF and normal cells. For both, the cells doubled in numbers in approximately 22 hr and in protein content in approximately 28 hr. Protein was determined directly in each tissue culture dish for these calculations. DNA content in the P-60 dishes was often not substantial enough to give an accurate estimate of doubling times for DNA. 
